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Introduction
The Joint Photographic Experts Group (JPEG) standard proposed in 1992 is widely used for still image compression and transmission. During the last few years image transmission over wireless channels finds a challenging research work. When image transmitted through noisy channel synchronisation is one of the issues because of variable length coding (VLC) used in encoding stage of compression. Sometimes decoder may fail to decode the received data. The random bit error due to channel characteristics may distort important information such that retrieval of image is not possible. Channel coding can be applied to compressed bit stream to detect and correct the errors [2] . The main task of error control mechanisms is to resilient, correct and repair the transmission errors. The various error control techniques are like Automatic Repeat Request (ARQ), Forward Error Correction (FEC) [11] , Interleaving, Error Resilient techniques [3] [4] , Error concealment etc. For one way transmission forward error correction is suitable option. Error propagation can be restricted at source coding level using proper error resilient techniques [8] . The interleaver can improve error robustness by dispersing worst errors. Still some undetected errors can damage the image quality in such situation the error concealment techniques plays the role to repair the error at decoder [9] [10] .
The idea of Layered Coding with Unequal Error Protection (UEP) is to code and protect the data with different priorities. Generally the total compressed bit stream has not equal importance in retrieval of image. Unequal Error Protection (UEP) can be used such that suitable protection applied to compressed bit stream according to its contribution in improving the PSNR or spatial resolution. Thus the final quality of decompressed image can be improved using various error control techniques.
In this paper JPEG compressed bit stream transmitted through wireless channel SUI (Stanford University Interim). The compressed bit stream is partitioned into three layers: 1) DC coefficients 2) High informative AC coefficients 3) Low informative AC coefficients. The sensitive DC components are better protected with a lower coding rate while less sensitive AC components uses higher coding rate according to their importance. The decompressed image quality can be improved using forward error correcting coder, Rate Compatible Punctured Convolution Code (RCPC) with its applications as UEP and error concealment techniques.
The paper is organized as follows. Section II briefly introduces JPEG compression standards and SUI channel with simulation results. Section III discusses error control techniques with algorithms. Section IV discusses simulation results and section V concludes the paper.
JPEG Image Transmission
The standard JPEG [1] compression algorithm consists of Discrete Cosine Transform (DCT), quantization and entropy coding. The DCT generates DC and AC coefficients which further proceeded by quantization. The DC coefficients follows DPCM and Huffman Coding, while AC coefficients follows run length coding and Huffman coding. The compression ratio depends on Quality Factor (QF) which decides the quantization step size. When compressed image transmitted through wireless channel the quality is degraded due to channel characteristics. The total distortion in received image is source distortion (depends on QF) and channel distortion. For wireless channel simulation Stanford University Interim (SUI) model is used. The SUI channel can be described briefly in following section.
Stanford University Interim (SUI) channel
SUI channel models are an extension of the earlier work by AT&T Wireless and Erceg et al [6] . In this model a set of six channels was selected to address three different terrain types defined in Table  1 . This model can be used for simulations design, development and testing of technologies suitable for fixed wireless applications. The parameters for the model were selected based upon some statistical models. The tables below depict the parametric view of the six SUI channels [7] . The goal of the model implementation is to simulate channel coefficients. Channel coefficients with the specified distribution and spectral power density are generated using the method of filtered noise [7] . A set of complex zero mean Gaussian distributed number is generated with a variance of 0.5 for the real and imaginary part for each tap to achieve the total average power of this distribution is 1. One way to represent the impulse response of a multipath channel is by a discrete number of impulses as follows:
The impulse response h varies with time t. The coefficients c i (t) vary with time. There are N (SUI channel N=3) taps in the above model. The goal of the model implementation is to simulate channel coefficients. The specification detail of one of channel SUI-3 is mentioned in Table 2 . Delay spread (0.264 µs) 0 0.4 0.9 Tap power (dB) 0 -5 -10 90% K-factor (dB) 1 0 1 Figure 1 shows fading coefficients for SUI-3 channel. Figure 2 shows the Bit Error Rate (BER) performance of six different SUI channels for BPSK modulation. It is observed that SUI-1, 2 channel BER performances are better in comparison with other SUI channels. For terrain type A, SUI-5 and SUI -6 channels are hilly terrain with moderate to heavy tree densities. For terrain type B, SUI-3 and SUI-4 channels are hilly terrain with high tree densities or flat terrain with moderate to heavy tree densities. For terrain type C, SUI-1 and SUI-2 channels are flat terrain with light tree densities. 
Error Control Techniques
The combination of Cyclic Redundancy Check/Rate Compatible Punctured Convolutional (CRC/RCPC) is used for forward error detection and correction. The CRC code is highly efficient for error detection during decoding. So if during decoding, the CRC indicates no error of the information bit stream then received packet is error free. Convolutional encoding with Viterbi decoding is among the most attractive means to achieve significant coding gains on noisy channels. In simulation we used convolution code of rate = 1/3 with memory M = 6 and code generator matrix [133 171 145]. Puncturing is the process of deleting (puncturing) some parity bits from the output codeword of lower code rate coder according to a puncturing matrix so that fewer bits are transmitted than in the original coder and hence leading to higher code rate. For a rate 1/n parent encoder, the puncturing pattern can be represented as an n x P matrix, where P matrix whose elements are 1's and 0's, with a 1 indicating inclusion and a 0 indicating deletion [5] 
Layered Coding with Unequal Error Protection
The compressed bit stream is protected with same protection level, it is known as Equal Error Protection (EEP). Instead of EEP, compressed bit stream is partitioned into different layer based on importance of their priority. The compressed bit stream is partitioned into three layers:
The DC bit stream contains average of intensity level it assign higher protection. The AC bit stream can be classified high informative or low informative based on local block property entropy. Image can be modelled as a 2-D autoregressive random field described to
Where the prime is intended to indicate that the point k=l=0 is excluded from the double summation, and W(i, j) is a 2-D zero mean sequence of independent and identically distributed random variables processing common variance . The image S(i, j) can be divided into m x m (where m=8) size block. and It is observed that received image quality can be found with some distortion at lower SNR. This distortion can minimized using Error concealment techniques. The Error concealment will be applied at spatial level decoder structure.
Error concealment
The detection and correction algorithm applied on 8X8 block size in JPEG image. Error concealment can be applied in two steps: Searching of damaged blocks and repairing of damaged blocks. First of all damaged blocks can be found using the criteria as mentioned in [9] . The damaged blocks are repaired using linear interpolation method.
Linear Interpolation
In this method, each pixel of the damaged block is interpolated using the nearest pixels from the four neighbouring blocks along the block boundaries. In Figure 8 , pixel values of the lost block are interpolated by the following formula, 
Conclusion

